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Recent changes in medical education have highlighted the importance of experiential 
learning. Simulation is one model that has gained significant attention in the last decade 
and has been widely adopted as a training and assessment tool in medical education. 
Pediatric simulation has been utilized to teach various skills including resuscitation and 
trauma management, procedural skills, and team training. It is also a valuable tool for 
health care educators, as it allows learners to achieve competence without putting 
patients at risk. Recent literature demonstrates increased retention of knowledge and 
skills after simulation-based training. Further research is required to improve current sim-
ulation curriculums, develop validated assessment tools, and to demonstrate improved 
clinical outcomes after simulation-based training. We conducted an online search of 
original and review articles related to simulation and pediatric medical education and 
provide an overview of the role and utility of simulation in pediatrics.
Key Points
•  Simulation in pediatrics has been widely accepted and adapted as a training and 
assessment tool in medical education.
•  Simulation in pediatrics has been utilized to teach various skills including resuscita-
tion and trauma management, procedural skills, and team training.
•  Further research is required to improve current simulation curriculums, to develop 
validated assessment tools, and to demonstrate improved clinical outcomes after 
simulation-based training.
Keywords: simulation, pediatric simulation, graduate medical education, undergraduate medical education, 
mannequins
iNTRODUCTiON
This review explores evidence of the role and utility of simulation in pediatrics.
It highlights the role of simulation as an educational tool with particular emphasis on resuscita-
tion, procedural skills, crisis resource management (CRM), and team training. It also focuses on 
avenues for future research in the field of pediatric simulation. This review will focus on the use of 
patient simulators and task trainers.
Medical education has traditionally relied on an apprenticeship model to educate learners. In this 
model, the physician learners observe experienced physicians perform a skill on a patient that they 
then perform themselves (1). Studies have shown deficiencies in knowledge and retention of skills 
among medical trainees who are trained via this method (2, 3). Changing patterns in the delivery of 
health care (shorter hospital stays for patients, more focus on preventative care) and an increasing 
FiGURe 1 | Selection process for study inclusion.
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number of trainees in medical school and postgraduate programs 
have led to decreased trainee exposure to less common illnesses 
as well as acute medical situations. Changes in trainee work 
hours, specifically limitations to the duration of call shifts, have 
decreased resident clinical exposure (4).
New approaches to medical education are required to enhance 
learning opportunities. Simulation has been used as a teaching 
tool for many decades in various fields, including military train-
ing and the aviation industry (5). David Gaba, one of the pioneers 
of modern day medical simulation, defined simulation as “an 
instructional process that substitutes real patient encounters 
with artificial models, live actors, or virtual reality patients” (6). 
Simulation can take many different forms, including role playing, 
use of standardized patients, part-task-trainers (either physical 
or virtual reality), computer patients (a screen based “virtual 
world”), or electronic patients. Standardized patients allow 
trainees to practice communication and interpersonal skills. 
Part-task-trainers and virtual reality simulators are best practiced 
in a dedicated skills laboratory and allow for skill repetition and 
practice. The electronic patient simulators are computer driven 
and fully interactive mannequins with varying levels of fidelity. 
Low fidelity mannequins offer a physical body, but require an 
instructor to provide physiological information. High-fidelity 
mannequins are interactive and life-like and can illustrate physi-
ological conditions. Mannequin-based simulation can also be 
used in a skills laboratory, although the more complex recreations 
of clinical tasks require fully equipped simulation centers or the 
ability to bring the simulator into an actual work setting (in situ 
simulation) (6, 7).
There has been a significant growth and acceptance of medical 
simulation over the last two decades. There is increasing evidence 
that simulation training improves health care education, practice, 
and patient safety (8). It is a tremendous tool for health care 
educators, as it allows learners to achieve competence without 
putting patients at risk. The literature suggests that simulation 
in medical education improves the knowledge base, skills, and 
teamwork of students and clinicians, both in resuscitation and 
procedural skills (9). Pediatric educators have utilized simulation 
in all of these capacities.
MeTHODS
A literature search was performed to identify articles relevant 
to the role of simulation in pediatrics. A search of Medline, 
CINHAL, Cochrane Database, and PubMed was conducted to 
identify articles relevant to simulation, and its use in pediatrics. 
Inclusion criteria included the following:
 (1) Utilization of simulation in pediatrics as an educational inter-
vention with measured outcomes;
 (2) Articles related to human patient simulators or task-trainers;
 (3) Accessibility of full text articles published in English language 
in peer-reviewed journals.
References from relevant articles were then explored, and 
appropriate citations were also reviewed and included. Each 
abstract was initially read by two reviewers to identify whether 
the article was likely to fulfill the inclusion criteria. The titles 
that had no relevance to the review (basic science and animal 
models) were excluded from the review. A total of 146 articles 
were included in this review. The process for selection of articles 
for review is shown in a flow diagram (Figure 1).
SiMULATiON iN PeDiATRiCS
In the last decade, there has been significant focus on realistic 
pediatric simulators (specific task-trainers and patient man-
nequins) and increasing numbers of studies evaluating the 
effectiveness of simulation in pediatrics as an educational tool. 
Many pediatric residency programs across the globe have started 
using simulation as a method for procedural and resuscitation 
education. It has been used in various aspects of pediatric train-
ing, including resuscitation and trauma management, procedural 
skills, and CRM and team training (10).
ReSUSCiTATiON AND TRAUMA TRAiNiNG
Historically, pediatric residents, during their training, have 
acquired most of their experience in resuscitation and procedural 
skills through direct patient contact in the emergency department, 
intensive care unit, and inpatient wards (11). It is reported that 
pediatric cardiopulmonary resuscitations are more infrequent 
than similar events in adults with potentially good outcomes if 
patients are successfully resuscitated (12). Resuscitation train-
ing programs, such as Advance Pediatric Life Support (APLS), 
Pediatric Advanced Life Support (PALS), Neonatal Resuscitation 
Program (NRP), and other equivalent resuscitation program, 
have become a bench mark for CPR training and are mandatory 
training programs for pediatric acute care providers, and require 
re-certification every 2–3 years (13). Regardless of current edu-
cational practices, studies have shown that majority of pediatric 
residents complete their training with insufficient knowledge and 
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experience in the care of critically ill children (2, 14). A survey 
done by Hunt et al. reported that a large number of postgraduate 
year 3 (PGY 3) residents had never led a resuscitation event (15). 
Furthermore, resuscitation courses are insufficient in ensuring 
that pediatric residents have prolonged mastery of resuscitation 
skills, as retained knowledge, skills, and confidence have been 
shown to decline within a few weeks to several months after 
completion of a resuscitation program (16, 17).
Multiple studies have shown that simulation can improve 
pediatric resident performance during resuscitations. In a recent 
study, McKittrick et al. looked at the role of simulated training 
in resuscitation by providing two cycles of real time simulated 
training episodes to health care professionals in the pediatric 
critical care unit. They reported enhanced preparedness for 
participation in pediatric resuscitation after the training (18). 
Following a somewhat similar footstep, with the common goal of 
enhancing residents’ skills at handling emergent pediatric condi-
tions, the concept of a “mock code” as put forward by Andreatta 
et al. was instituted as an element of residency training. Prior to 
any indication, these drills were conducted at a few random time 
periods within a month which formed a subsection of a longer, 
4-year cycle. A substantial 17% increase in the cardiopulmonary 
arrest survival rates was observed within a space of 12 months, 
which was simply a smaller cross-section of the general positive 
trend observed in the hospital over 4 years (19).
In addition to resuscitation, pediatric trauma has been identi-
fied as an uncommon event that requires practice in managing 
(20). A multicenter study conducted in 35 pediatric emergency 
departments in the US identified deficiencies in the stabilization 
of children presenting to the emergency department with trauma. 
They found errors throughout all sites and concluded that there is 
potential to improve trauma stabilization performance using sim-
ulation technology (17). Hunt et al. conducted a pediatric trauma 
simulation in 18 emergency departments across North Carolina. 
A 6-month follow-up trauma scenario was performed to look at 
the retention of skills and knowledge. This study demonstrated 
markedly improved performance by pediatric emergency care 
providers (21). Other studies have organized trauma simulation 
training for multidisciplinary pediatric trauma teams and found 
significant improvement in overall performance after the simula-
tion training (22, 23). There is substantial evidence to suggest 
that simulation improves performance and team management in 
resuscitation and trauma situations.
PROCeDURAL SKiLLS
Procedural skills training is an important component of general 
pediatrics training (24). The Accreditation Council for Graduate 
Medical Education (ACGME) in the US recommends that 
pediatric residents gain broad procedural competence dur-
ing pediatrics training (25). Proficient and appropriate use of 
procedural skills is an accreditation requirement for pediatric 
training programs in Canada and Australia (26, 27). In 2007, 
the Residency Review Committee (RRC) for Pediatrics in US 
published a list of procedures and skills in which all residents 
must have “sufficient” training (25). Based on these requirements 
and additional recommended procedures, Gaies et al. surveyed 
the opinions of pediatric residency program directors regarding 
the importance of these procedures and residents’ perceived 
competency. Notably, a large percentage of program directors 
did not assign the same level of importance as the RRC did for 
its’ recommended procedures. They also found that numerous 
residents failed to achieve procedural skills competence at the end 
of their training, and the program directors’ assessments of their 
own residents’ competencies were lower than the RRC goal (3).
The lack of competency in these skills can be justified by 
several potential reasons. The chief among these reasons are the 
enhanced skillset of non-physician clinicians and the advance-
ment of ancillary services such as intravenous access teams. These 
teams/personnel take away from the procedures that were habitu-
ally conducted by residents. This was strengthened by Gaies et al. 
who reported that 12 and 13% of respondents identified residents 
as the people who perform the majority of venipunctures and 
intravenous catheter placements, respectively, in the hospitals 
they rotate (3). The limited opportunities presented to trainees 
to grasp and apply a procedure to build competence does not 
astonish due to the time consuming nature of paperwork and 
other documentation.
As a result, the outlook of competency for emergent and intri-
cate procedures has been reevaluated, with the emphasis placed 
on the importance of frequent practice to counter intermittently 
performed procedures (28). Attaining complex procedural skills 
requires the balanced involvement of several facets including psy-
chomotor, clinical judgment, communication, decision-making, 
and patient-focused interaction abilities and cannot be brought to 
fruition through clinical exposure alone (29). In addition, train-
ing should be backed by direct observation, frequent practice, 
and feedback (30). Simulation, therefore, is an ideal method to 
learn these skills (31).
Studies using simulation task-trainers to teach pediatric 
residents procedures such as central venous catheter (CVC) 
insertion, chest tube insertion, and endotracheal intubation are 
well established in the literature (32–34). Overly et al. evaluated 
pediatric residents’ abilities to manage an acute airway using 
high-fidelity medical simulation and identified many areas of 
concern. They concluded that high-fidelity medical simulation 
could not only assess a resident’s ability to manage an airway 
but also be an effective tool in teaching the skills necessary to 
manage an airway (35). In another study, Thomas et al. described 
their efforts to train pediatric residents in CVC placement and 
demonstrated improved performance by pediatric residents 
immediately following didactic and hands-on training on simu-
lators. Trainee performance, however, substantially decayed by 
3-month follow-up (36).
CRiSiS ReSOURCe MANAGeMeNT  
AND TeAM TRAiNiNG
Resuscitation events in children are uncommon, yet appropri-
ately managing resuscitation is a core competency required by 
all pediatric trainees (37). The reality of medical crises being less 
common in pediatrics places residents at risk of being unpre-
pared, hesitant, and highly anxious when such events do arise 
(38). Sound technical skills are mainstay for managing critically 
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ill patients; however, recent focus has been on combination of 
technical skills along with cognitive and complementary non-
technical skills (39). It is becoming increasingly recognized that 
principles of crises resource management (CRM) have a role in 
non-technical skills, including leadership, team building, prob-
lem solving, situational awareness, communication skills, and 
resource management (40). A review by Cheng et al. highlighted 
the role of CRM for efficient team functioning and subsequent 
error reduction in high-stakes environments such as acute 
care pediatrics. They emphasize the role of simulation in crises 
resource management and highlight the potential for tremendous 
improvements in patient safety and outcomes, although this has 
yet to be clearly demonstrated (41).
There are little data available in literature looking at resuscita-
tion team leadership skills in pediatrics. The non-technical and 
leadership skills, although important in the management of 
acutely ill children, are not acquired passively during residency, 
and hence, may require specific education (41). Gilfoyle et  al. 
developed a simulation-based intervention on the principles of 
CRM and evaluated immediate and long-term learning outcomes 
to determine whether pediatric residents could acquire and retain 
team leadership skills in pediatric advanced resuscitation. The 
study showed that residents were able to acquire resuscitation team 
leadership skills following the intervention (42). Effect of teach-
ing CRM as a function of residents’ performance in a simulated 
scenario was investigated in a prospective study by Blackwood 
et al. who examined the converging and contrasting outcomes of 
individual residents who were exposed to 1 h of CRM instruc-
tions. The findings indicated an improvement in time to “critical 
initial steps of pediatric resuscitation” and likewise, proficiency in 
residents’ performance in a simulated scenario (43).
FUTURe ReSeARCH
Recent changes in medical education have highlighted the 
importance of simulation as a form of experiential learning. The 
utility of simulation in the field of medicine has been suggested 
for conditions that are rare and critical in nature and require the 
maintenance of specialized skill and preparedness. However, the 
interval between initial training and actual use of skills is critical 
for maintaining the knowledge and skills essential for improving 
patient outcomes.
There is paucity of literature addressing such strategies that 
could help in retaining knowledge, skills, and confidence in man-
aging pediatric emergencies. One intervention postulated to be 
helpful is the spacing effect. This refers to educational encounters, 
which are spaced and repeated over time (spaced distribution), 
resulting in more efficient and improved retention of learning, 
compared with more concentrated educational encounters (44, 
45). Ojha et al. designed a pediatric critical care scenario manage-
ment program using spaced education model to look at the impact 
of repeated observation of routinely scheduled demonstrations 
of critical pediatric illness scenarios. These demonstrations were 
observed by pediatric medical and nursing staff every other week 
for 3 months, and then the same scenarios were repeated over the 
next 3-month period. The study found that the implementation 
of repeated, time-spaced demonstrations provided an effective 
method for improving knowledge and increasing confidence 
among pediatric health care professional managing critically 
ill children (46). Further research is needed to consolidate this 
approach, determine the appropriate amount of time between 
sessions and assess the long-term effects of this intervention.
More research is needed on the use of simulation for assess-
ment. Many hospitals and medical schools have begun using 
high- fidelity simulation medicine in their educational curricu-
lum. Several studies have used simulation-based assessment tools 
and have found that the simulation-based assessments are valid 
and reliable measures of clinical performance and resident com-
petency (47, 48). The reliability and validity of a scoring instru-
ment aimed to evaluate clinical performance during simulated 
resuscitations were examined by Donoghue et al. The parameters 
used to measure performance in this study, in which the resi-
dents engaged, were based on timing, sequence, and quality and 
were judged and scored individually. The instrument’s ability 
to measure clinical performance during simulated scenarios 
was reinforced through the reliable and valid scores (49). In an 
attempt to ascertain whether resident scores could be utilized 
to authenticate the reliability and validity of a multiple-scenario 
assessment, McBride et al. developed a bank of 20 simulated pedi-
atric crisis scenarios. Every resident was engaged in 10 scenarios 
that were scored using an action-item checklist and a global score 
by 2 individual assessors. The results revealed that the resident 
scores were legitimate tools for the measure of performance using 
simulation (50).
The clinical significance of measured performance in a simu-
lated setting, however, remains uncertain. Additional evidence 
is needed, including studies to determine if this type of training 
improves physicians’ management of real-life critical events. This 
ties into a third area requiring future research: demonstrating an 
improvement in patient safety and/or outcomes with simulation 
training. The study by Andreatta et al., which showed an increase 
in cardiopulmonary arrest survival rates after the institution of a 
simulated mock code program, is a rarity (19). A study by Knight 
et al. did show an increase in survival to hospital discharge after 
the introduction of simulation-based composite team training 
(51). While there is rapidly growing interest and enthusiasm for 
simulation as a method of optimizing training and patient safety, 
evidence clearly documenting a positive effect on patient safety 
and improved patient outcomes remains elusive (52), and it is an 
area where significantly more research is required.
CONCLUSiON
Simulation has tremendous potential as a teaching and assessment 
tool for pediatric acute care providers. Advances in simulation 
education continue to emerge for pediatric medicine. Simulation 
has been used to teach resuscitation and trauma management 
skills, procedural skills, and CRM to pediatric trainees. Future 
research must explore ways to maximize the impact of training 
sessions to improve retention, the use of simulation for assess-
ment, and finally to assess the impact of simulation training on 
outcomes in the pediatric population.
November 2015 | Volume 3 | Article 1065
Ojha et al. Pediatric Simulation
Frontiers in Pediatrics | www.frontiersin.org
ReFeReNCeS
1. Honebein P, Duffy TM, Fishman B. Constructivism and the design of 
learning environments: context and authentic activities for learning. In: Duffy 
T, Lowyck J, Jonassen D, editors. Designing Environments for Constructivist 
Learning. Indiana, USA: Springer-Verlag (1993). p. 87–108.
2. Nadel FM, Lavelle JM, Fein JA, Giardino AP, Decker JM, Durbin DR. Assessing 
paediatric senior residents’ training in resuscitation: fund of knowledge, 
technical skills, and perception of confidence. Pediatr Emerg Care (2000) 
16(2):73–6. doi:10.1097/00006565-200004000-00001 
3. Gaies MG, Landrigan CP, Hafler JP, Sandora TJ. Assessing procedural skills 
training in paediatric residency programs. Paediatrics (2007) 120(4):715–22. 
doi:10.1542/peds.2007-0325 
4. Issenberg SB, Scalese RJ. Simulation in health care education. Perspect Biol 
Med (2008) 51(1):31–46. doi:10.1353/pbm.2008.0004 
5. Rosen KR. The history of medical simulation. J Crit Care (2008) 23:157–66. 
doi:10.1016/j.jcrc.2007.12.004 
6. Gaba DM. The future vision of simulation in health care. Qual Saf Health Care 
(2004) 13(Suppl 1):i2–10. doi:10.1136/qshc.2004.009878 
7. Maran NJ, Glavin RJ. Low- to high-fidelity simulation – a continuum of medical 
education? Med Educ (2003) 37(Suppl 1):22–8. doi:10.1046/j.1365-2923.37.
s1.9.x 
8. Aggarwal R, Mytton OT, Derbrew M, Hananel D, Heydenburg M, Issenberg B, 
et al. Training and simulation for patient safety. Qual Saf Health Care (2010) 
19(Suppl 2):i34–43. doi:10.1136/qshc.2009.038562 
9. Lateef F. Simulation-based learning: just like the real thing. J Emerg Trauma 
Shock (2010) 3:348–52. doi:10.4103/0974-2700.70743 
10. Mills DM, Williams DC, Dobson JV. Simulation training as a mechanism for 
procedural and resuscitation education for paediatric residents: a systematic 
review. Hosp Pediatr (2013) 3:167–76. doi:10.1542/hpeds.2012-0041 
11. Trainor JL, Krug SE. The training of paediatric residents in the care of 
acutely ill and injured children. Arch Pediatr Adolesc Med (2000) 154:1154–9. 
doi:10.1001/archpedi.154.11.1154 
12. Donoghue AJ, Nadkarni VM, Elliott M, Durbin D. Effect of hospital charac-
teristics on outcomes from paediatric cardiopulmonary resuscitation: a report 
from the national registry of cardiopulmonary resuscitation. Paediatrics 
(2006) 118(3):995–1001. doi:10.1542/peds.2006-0453 
13. Jewkes F, Phillips B. Resuscitation training of paediatricians. Arch Dis Child 
(2003) 88(2):118–21. doi:10.1136/adc.88.2.118 
14. Buss PW, McCabe M, Evans RJ, Davies A, Jenkins H. A survey of basic 
resuscitation knowledge among resident paediatricians. Arch Dis Child (1993) 
68(1):75–8. doi:10.1136/adc.68.1.75 
15. Hunt EA, Patel S, Vera K, Shaffner DH, Pronovost PJ. Survey of paediatric 
resident experiences with resuscitation training and attendance at actual 
cardiopulmonary arrests. Pediatr Crit Care Med (2009) 10(1):96–105. 
doi:10.1097/PCC.0b013e3181937170 
16. Grant EC, Marczinski CA, Menon K. Using paediatric advanced life support in 
paediatric residency training: does the curriculum need resuscitation? Pediatr 
Crit Care Med (2007) 8(5):433–9. doi:10.1097/01.PCC.0000282044.78432.0B 
17. Hunt EA, Hohenhaus SM, Luo X, Frush KS. Simulation of paediatric trauma 
stabilization in 35 North Carolina emergency departments: identification 
of targets for performance improvement. Paediatrics (2006) 117(3):641–8. 
doi:10.1542/peds.2004-2702 
18. McKittrick J, Allen M, Kinney S, Lima S. The first 3 minutes: effective team 
paediatric resuscitation training. Pediatr Crit Care Med (2014) 15(4 Suppl):16. 
doi:10.1097/01.pcc.0000448781.66934.3d 
19. Andreatta P, Saxton E, Thompson M, Annich G. Simulation-based mock codes 
significantly correlate with improved paediatric patient cardiopulmonary 
arrest survival rates. Pediatr Crit Care Med (2011) 12(1):33–8. doi:10.1097/
PCC.0b013e3181e89270 
20. Krug SE, Tuggle DW. Management of paediatric trauma. Paediatrics (2008) 
121(4):849–54. doi:10.1542/peds.2008-0094 
21. Hunt EA, Heine M, Hohenhaus SM, Luo X, Frush KS. Simulated paediatric 
trauma team management: assessment of an educational intervention. Pediatr 
Emerg Care (2007) 23(11):796–804. doi:10.1097/PEC.0b013e31815a0653 
22. Falcone RA, Daugherty M, Schweer L, Patterson M, Brown RL, 
Garcia VF. Multidisciplinary paediatric trauma team training using 
high-fidelity trauma simulation. J Pediatr Surg (2008) 43:1065–71. 
doi:10.1016/j.jpedsurg.2008.02.033 
23. Auerbach M, Roney L, Aysseh A, Gawel M, Koziel J, Barre K, et al. In situ 
paediatric trauma simulation assessing the impact and feasibility of an 
interdisciplinary paediatric in  situ trauma care quality improvement sim-
ulation program. Pediatr Emerg Care (2014) 30(12):884–91. doi:10.1097/
PEC.0000000000000297 
24. Ben-Isaac E, Keefer M, Thompson M, Wang VJ. Assessing the utility of proce-
dural training for paediatrics residents in general paediatric practice. J Grad 
Med Educ (2013) 5(1):88–92. doi:10.4300/JGME-D-11-00255.1 
25. Accreditation Council of Graduate Medical Education. ACGME Program 
Requirements for Graduate Medical Education in Paediatrics (2013). Available 
from: https://www.acgme.org/acgmeweb/Portals/0/PFAssets/2013-PR-FAQ-
PIF/320_pediatrics_07012013.pdf
26. Royal College of Physicians and Surgeons of Canada. Objectives of Training 
in Paediatrics (2008). p. 1–32. Available from: http://www.royalcollege.ca/
cs/groups/public/documents/document/y2vk/mdaw/~edisp/tztest3rcp-
sced000931.pdf
27. The Royal Australasian College of Physicians. Advanced Training in 
General and Acute Care Medicine: 2014 Program Requirements Handbook 
(2014). p. 1–50. Available from: http://handbooks.racp.edu.au/#/
basic-training-in-paediatrics-and-child-health/2014/summary/0
28. Niles D, Sutton RM, Donoghue A, Kalsi MS, Roberts K, Boyle L, et al. “Rolling 
Refreshers”: a novel approach to maintain CPR psychomotor skill competence. 
Resuscitation (2009) 80:909–12. doi:10.1016/j.resuscitation.2009.04.021 
29. Kneebone RL, Nestel D, Vincent C, Darzi A. Complexity, risk and 
simulation in learning procedural skills. Med Educ (2007) 41:808–14. 
doi:10.1111/j.1365-2923.2007.02799.x 
30. Kneebone R. Evaluating clinical simulations for learning procedural 
skills: a theory-based approach. Acad Med (2005) 80(6):549–53. 
doi:10.1097/00001888-200506000-00006 
31. Lammers RL, Davenport M, Korley F, Griswold-Theodorson S, Fitch 
MT, Narang AT, et  al. Teaching and assessing procedural skills using sim-
ulation: metrics and methodology. Acad Emerg Med (2008) 15:1079–87. 
doi:10.1111/j.1553-2712.2008.00233.x 
32. Sharara-Chami R, Taher S, Kaddoum R, Tamim H, Charafeddine L. Simulation 
training in endotracheal intubation in a paediatric residency. Middle East J 
Anesthesiol (2014) 22(5):477–86. 
33. Gaies MG, Morris SA, Hafler JP, Graham DA, Capraro AJ, Zhou J, et  al. 
Reforming procedural skills training for paediatric residents: a random-
ized, interventional trial. Paediatrics (2009) 124:610–9. doi:10.1542/
peds.2008-2658 
34. Al-Qadhi SA, Pirie JR, Constas N, Corrin MSC, Ali M. An innovative pediatric 
chest tube insertion task trainer simulation: a technical report and pilot study. 
Simul Healthc. (2014) 9(5):319–24. doi:10.1097/SIH.0000000000000033 
35. Overly FL, Sudikoff SN, Shapiro MJ. High-fidelity medical simulation as an 
assessment tool for paediatric residents’ airway management skills. Pediatr 
Emerg Care (2007) 23(1):11–5. doi:10.1097/PEC.0b013e31802c61d5 
36. Thomas SM, Burch W, Kuehnle SE, Flood RG, Scalzo AJ, Gerard JM. 
Simulation training for paediatric residents on central venous catheter 
placement. Pediatr Crit Care Med (2013) 14(9):e416–23. doi:10.1097/
PCC.0b013e31829f5eda 
37. Eppich WJ, Adler MD, McGaghie WC. Emergency and critical care 
paediatrics: use of medical simulation for training in acute paediatric 
emergencies. Curr Opin Pediatr (2006) 18:266–71. doi:10.1097/01.
mop.0000193309.22462.c9 
38. Weinstock PH, Kappus LJ, Kleinman ME, Grenier B, Hickey P, Burns 
JP. Toward a new paradigm in hospital-based paediatric education: the 
development of an onsite simulator program. Pediatr Crit Care Med (2005) 
6(6):635–41. doi:10.1097/00130478-200511000-00022 
39. Jankouskas T, Bush MC, Murray B, Rudy S, Henry J, Dyer AM, et al. Crisis 
resource management: evaluating outcomes of a multidisciplinary team. Simul 
Healthc (2007) 2:96–101. doi:10.1097/SIH.0b013e31805d8b0d 
40. Figueroa MI, Sepanski R, Goldberg SP, Shah S. Improving teamwork, con-
fidence, and collaboration among members of a paediatric cardiovascular 
intensive care unit multidisciplinary team using simulation-based team 
training. Pediatr Cardiol (2013) 34:612–9. doi:10.1007/s00246-012-0506-2 
November 2015 | Volume 3 | Article 1066
Ojha et al. Pediatric Simulation
Frontiers in Pediatrics | www.frontiersin.org
41. Cheng A, Donoghue A, Gilfoyle E, Eppich W. Simulation-based crisis resource 
management training for paediatric critical care medicine. Pediatr Crit Care 
Med (2012) 13(2):197–203. doi:10.1097/PCC.0b013e3182192832 
42. Gilfoyle E, Gottesman R, Razack S. Development of a leadership skills work-
shop in paediatric advanced resuscitation. Med Teach (2007) 29(403):e276–83. 
doi:10.1080/01421590701663287 
43. Blackwood J, Duff JP, Nettel-Aguirre A, Djogovic D, Joynt C. Does teaching 
crisis resource management skills improve resuscitation performance in 
paediatric residents? Pediatr Crit Care Med (2014) 15(4):1–7. doi:10.1097/
PCC.0000000000000100 
44. Kerfoot BP. Adaptive spaced education improves learning efficiency: a 
randomized controlled trial. J Urol (2010) 183(2):678–81. doi:10.1016/j.
juro.2009.10.005 
45. Toppino TC, Fearnow-Kenney MD, Kiepert MH, Teremula AC. The spacing 
effect in intentional and incidental free recall by children and adults: limits on 
the automaticity hypothesis. Mem Cognit (2009) 37(3):316–25. doi:10.3758/
MC.37.3.316 
46. Ojha R, Liu A, Champion BL, Hibbert E, Nanan RKH. Spaced scenario 
demonstrations improve knowledge and confidence in paediatric acute illness 
management. Front Pediatr (2014) 2:133. doi:10.3389/fped.2014.00133 
47. Adler MD, Trainor JL, Siddall VJ, McGaghie WC. Development and 
evaluation of high-fidelity simulation case scenarios for paediatric 
resident education. Ambul Pediatr (2007) 7(2):182–6. doi:10.1016/j.
ambp.2006.12.005 
48. Brett-Fleegler MB, Vinci RJ, Weiner DL, Harris SK, Shih M-C, 
Kleinman ME. A simulator-based tool that assesses paediatric resident 
resuscitation competency. Paediatrics (2008) 121(3):e597–603. doi:10.1542/
peds.2005-1259 
49. Donoghue A, Nishisaki A, Sutton R, Hales R, Boulet J. Reliability and 
validity of a scoring instrument for clinical performance during paediatric 
advanced life support simulation scenarios. Resuscitation (2010) 81(3):331–6. 
doi:10.1016/j.resuscitation.2009.11.011 
50. McBride ME, Waldrop WB, Fehr JJ, Boulet JR, Murray DJ. Simulation in pae-
diatrics: the reliability and validity of a multiscenario assessment. Paediatrics 
(2011) 128(2):335–43. doi:10.1542/peds.2010-3278 
51. Knight LJ, Gabhart JM, Earnest KS, Leong KM, Anglemyer A, Franzon D. 
Improving code team performance and survival outcomes. Crit Care Med 
(2014) 42:243–51. doi:10.1097/CCM.0b013e3182a6439d 
52. Boyer DL, Nishisaki A. Evaluating patient outcomes in medical education 
research: mission impossible? Pediatr Crit Care Med (2014) 15(4):382–4. 
doi:10.1097/PCC.0000000000000116 
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.
Copyright © 2015 Ojha, Liu, Rai and Nanan. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) or licensor are credited and that the original publication in this journal 
is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms.
